MEASUREMENT OF INDUCTANCE USING A DIGITAL STORAGE 
OSCILLOSCOPE UNDER REAL-TIME OPERATING ENVIRONMENTS 



Fi Id of Invention 

5 The present invention relates to inductance measuring devices, and 

more speclfically, to measuring Inductance with a digital storage measuring 
device. 

Background of Invention 

10 The characteristics of an inductor are dependent on the current and 

voltage source excitation signal, wave shape, and frequency of operation, 
which may vary in real time operating conditions. Inductance measuring 
devices typically utilize simulation techniques, such as subjecting the Inductor 
to a known excitation signal having a controlled current and voltage source, 

15 wave shape, and frequency of operation to measure the inductance. 

One type of inductance measuring device is a multifunction meter, such 
as an inductance/capacitance/resistance (LCR) meter. The LCR meter uses a 
principle of a balancing bridge or an auto balancing bridge. The measurement 
device excites the inductor using built-in signal generator and bridge balancing 

20 technique to measure the value of impedance of the inductor. Specifically, in 
an LCR meter, the signal source Is a sinusoidal wave, whereas in a real 
operating environment, the signal may be a square wave with a high voltage 
and a high current component. 

However, real operating signals are dependent on the wave-shape, 

25 excitation level, and operating frequency of the source, as well as the extemal 
factors from other circuit elements and the surrounding environment. 
Therefore, it is desirable for power supply designers and others to be able to 
measure and observe the behavior of an inductor In a dynamically changing 
environment of a power supply. 

30 One technique for measuring inductance under a real time environment 

is by calculating the slope of the B-H curve (where B is magnetic flux and H is 
the magnetizing current). Plotting the B-H curve and measuring the slope of 
the curve is a complex process, since each step requires careful and correct 
manual analysis. 
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The B-H curve may be plotted in a digital storage oscilloscope (DSO) 
that supports XY display mode. However, a user must provide correct signals 
to the DSO. Specifically, generating the B signal requires an extemal hardware 
circuit that integrates the voltage with a known time constant {jVdf), which 
5 represents the magnetic flux B. 

Currently, none of the digital storage oscilloscopes available in the 
market have a scope resident feature capable of analyzing the plot data and 
giving the results extracted from the plot. Therefore, there Is a need in the art 
for a digital storage oscilloscope having built-in capabilities for obsen/ing the 
10 behavior of the inductor in a dynamically changing (real-time) operating 
environment. 



Summary of Invention 

The disadvantages heretofore associated with the prior art are overcome 
15 by the present invention of a method and apparatus for measuring inductance. 
The method and apparatus include processing current and voltage waveform 
data associated with an inductive device to determine edge and slope 
parameters for each of a plurality of cun-ent waveform data cycles. 

Furthermore, proportional magnetic flux and proportional magnetic 
20 cun-ent is detemilned from the acquired cun-ent wavefomi data and the voltage 
waveform data proximate determined edge regions of the waveform data. An 
inductance value of the inductive device may then be calculated from the 
proportional magnetic flux and proportional magnetic current. 



25 Brief Description of the Drawings 

The teachings of the present invention can be readily understood by 
considering the following detailed descriptions in conjunction with the 
accompanying drawings, in which: 

FIG. 1 depicts a high level block diagram of an exemplary digital storage 
30 measuring device having an inductance measurement tool of the present 
invention; 

FIG. 2 depicts a top-view of an exemplary inductor device suitable for 
being measured by the inductance measuring tool of FIG. 1; 
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FIG. 3 depicts a graphical representation of an exemplary hysteresis 
curve for the inductor device of FIG. 2; 

FIG. 4 depicts a flow-diagram of a method for detemnining in-circuit 
inductance measurements and observing the behavior of an inductor in a real- 
time operating environment; 

FIG. 5 depicts a graphical representation of a plurality of wavefonn data 
acquired by the digital storage measuring device of FIG. 1 ; 

FIG. 6 depicts a flow-diagram of a method for detemnining proportional 
flux (B) and proportional magnetic cunrent (H) data from the wavefomi data of 
FIG. 5; and 

FIG. 7 depicts a graphical representation of an averaged current 
wavefomi data cycle and an average integral of voltage waveform data. 

To facilitate understanding, identical reference numerals have been 
used, where possible, to designate identical elements that are common to the 
drawings. 

Detailed Description of the Invention 

The present invention comprises a method and apparatus for performing 
in-circuit inductance measurements, as well as observing the behavior of an 
inductor in a real-time operating environment. Specifically, voltage and current 
waveform data associated with an inductive device (e.g., of a switching power 
supply) is acquired to determine the average (proportional) magnetizing flux (B) 
and magnetizing cun-ent (H) inductance of such inductive device under real- 
time operating conditions. The slope of the proportional B-H data is then 
calculated to determine the real-time inductance of the inductor being 
measured. 

The present invention is discussed in terms of an inductance 
measurement software tool, such as a TDSPWR2 inductance measurement 
tool produced by Tektronix, Inc. of Beaverton, OR. The exemplary power- 
measurement program tool is installed (i.e., stored) in local memory of a 
digitizing test and measurement device, such as a digital storage oscilloscope 
(DSO) (e.g., a Tektronix, Inc. model TDS5000, TDS6000, and TDS7000 series 
oscilloscopes, or other DSO/acquisition devices) to transform the DSO into an 
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analysis tool that quickly measures and analyzes real-time inductance in a 
circuit, such as a power-supply. A DSO implementing the present invention 
optionally generates detailed test reports In customizable formats. However, 
one skilled in the art will appreciate that the teachings discussed herein may be 
5 implemented in other a digitizing measurement devices. 

FIG. 1 depicts a high level block diagram of an exemplary digital storage 
measuring device having an inductance measurement tool of the present 
invention. In particular, the exemplary oscilloscope 100 of the present 
invention utilizes a voltage probe 105 and a current probe 110, and comprises 
10 voltage acquisition circuitry 115, current acquisition circuitry 1 20, a controller 
125, processing circuitry 130, and a display device 135. The voltage probe 105 
and current probe 110 may be any conventional voltage or cun^ent probes 
suitable for respectively detecting analog voltage and current signals from the 
exemplary Inductor. 

15 For example, the probes 110 may be provided by Tektronix, Inc., such 

as active probe model numbers P5205, TCP202, among others, which may be 
used to acquire real time signal information. However, one skilled in the art will 
appreciate that other conventional voltage and cun^ent probes may also be 
utilized to detect voltage and cun-ent signals from a particular element in a 

20 circuit. The output of the voltage probe 105 and cun-ent probe 1 10 are 
respectively sent to the voltage 115 and current 120 acquisition channel 
circuitry. It Is noted that the current probe 110 may be realized using a voltage 
probe in conjunction with a reference resistor. 

The voltage acquisition circuitry 115 and current acquisition circuitry 120 

25 each comprise, illustratively, analog-to-digital conversion circuitry, triggering 
circuitry, decimator circuitry, supporting acquisition memory, and the like. 
Acquisition circuitry 115 and 120 operate to digitize, at a sample rate, "S", one 
or more of the signals under test to produce one or more respective acquired 
sample streams suitable for use by the controller 125 and/or the processing 

30 circuitry 130. The acquisition circuitry 115 and 120, in response to commands 
received from the controller 125. operates to change trigger conditions, 
decimator functions, and other acquisition related parameters. The acquisition 
circuitry communicates the resulting sample stream (e.g., SSV and SSC) to the 
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controller 125. 

The controller 125 operates to process the one or more acquired sample 
streams provided by the acquisition circuitry 115 and 120 to generate 
respective waveform data associated with one or more sample streams. That 
5 is, given desired time per division and volts per division display parameters, the 
controller 125 operates to modify or rasterize the raw data associated with an 
acquired sample stream to produce corresponding waveform data having the 
desired time per division and volts per division parameters. The controller 1 25 
may also normalize waveform data having non-desired time per division, volts 
10 per division, and current per division parameters to produce wavefonn data 
having the desired parameters. The controller 125 provides the waveform data 
to the processing circuitry 130 for subsequent presentation on the display 
device 135. 

The controller 125 of FIG. 2 comprises a plurality of components 

15 including at least one processor 140, support circuits 145, I/O circuitry 150, 
memory 155, and one or more communication buses 128 for providing 
communications between the controller components. The processor 140 
cooperates with conventional support circuitry 145, such as power supplies, 
clock circuits, cache memory, and the like, as well as circuits that assist in 

20 executing software routines stored in the memory 155. As such, it is 

contemplated that some of the process steps discussed herein as software 
processes may be implemented within hardware, for example, as circuitry that 
cooperates with the processor 140 to perfomn various steps. The controller 125 
also contains input/output (I/O) circuitry 150 that forms an interface between 

25 the various function elements communicating with the controller 1 25. 

For example, the I/O circuitry 150 may comprise a keypad, pointing 
device, touch screen, or other means adapted to provide user input and output 
to the controller 125. The controller 125, in response to such user input, 
illustratively adapts the operations of the acquisition circuitry 115 and 120 to 

30 perform various data acquisitions, triggering, processing, display 

communications, among other functions. In addition, the user input may be 
used to trigger automatic calibration functions and/or adapt other operating 
parameters of the display device 135, logical analysis, or other data acquisition 
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devices. 

The memory 155 may include volatile memory, such as SRAM, DRAM, 
among other volatile memories. The memory 150 may also include non-volatile 
memory devices, such as a disk drive or a tape medium, among others, or 
5 programmable memory, such as an EPROM, among others. The memory 155 
stores the operating system 160 of the measurement device (DSO), and the 
inductance measurement program tool 160 of the present invention, which 
includes an application program 172 comprising a waveform analysis module 
(WAM) 174 and B/H (Proportional B and H) and Slope Calculation tool 176. 

10 The WAM 1 74 is used to find the edges on the waveform based on the 

slope of the transition on the current wavefomn. Furthemiore, the B/H 
(Proportional B and H) and Slope Calculation tool 176 is used to calculate the 
proportional B, H values as well as slope to detennine the value of inductance. 
Both the WAM 174 and B/H (Proportional B and H) and Slope Calculation tool 

15 176 are discussed below in further detail with respect to FIGS. 5 and 6. 

Although the controller 125 of FIG.2 is depicted as a general purpose 
computer that is programmed to perform various control functions in 
accordance with the present invention, the invention may be implemented in 
hardware such as, for example, an application specific integrated circuit (ASIC). 

20 As such, it is intended that the processor described herein be broadly 
interpreted as being equivalently performed by hardware, software, or a 
combination thereof. 

It will be appreciated by those skilled in the art that standard signal 
processing components (not shown), such as signal buffering circuitry, signal 

25 conditioning circuitry, and the like are also employed as required to enable the 
various functions described herein. For example, the voltage acquisition 
circuitry 115 and cunrent acquisition circuitry 120 sample the signals under test 
at a sufficiently high rate to enable appropriate processing by the controller 125 
and/or the processing circuitry 130. 

30 In one embodiment, the acquisition circuitry 115 and 120 provide a 

trigger enable signal to an optional trigger controller (not shown). The trigger 
enable signal is asserted in response to a determination by circuitry within the 
acquisition circuits 115 and 120 when a desired triggering event, such as a 
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particular sequence of logic levels indicative of a portion of a data word and the 
Wke has been received via the signals in the test. The desired triggering 
event(s) may comprise any combinatorial and/or sequential logic function 
applied to the signals and test received by either of the acquisition circuits 115 
5 or 120. The specific trigger events are supplied to the acquisition circuits 115 
and 120 via the controller 125. 

The processing circuitry 130 comprises data processing circuitry suitable 
for converting acquired sample streams or waveform data into image or video 
signals, which are adapted to provide visual imagery (e.g., video frame 

10 memory, display formatting and driver circuitry, and the like). The processing 
circuitry 130 may include the display device 135 (e.g.. built-in DSO display 
device) and/or provide output signals (e.g., via a video driver circuit) suitable for 
use by an extemal display device 135. 

The processing circuitry 130 is optionally responsive to the controller 

15 135 and the various parameters, such as vertical (e.g., volts per division) and 
horizontal (e.g., time per division) display parameters, as well as user interface 
imagery (e.g., user prompts, diagnostic information and the like). It will be 
appreciated by those skilled in the art that within the context of a data 
acquisition system utilizing many acquisition devices 115 and 120, it Is not 

20 necessary to include display circuitry 130 and a display device 135 in each of 
the acquisition devices 115 and 120. Moreover, in the case of the acquisition 
circuitry comprising modules or cards inserted within a computing device, or 
arranged using a back plane, a single processing circuit 130 and display device 
235 may provide an image processing function for any one (or more) of the 

25 acquisition circuits. 

FIG. 2 depicts a top-view of an exemplary inductor device 200 suitable 
for being measured by the inductance measuring device 100 of FIG. 1 . The 
exemplary inductor device 200 is a toroidal core inductor having a ring shaped 
ferromagnetic core 202, and a conductive wire 204 wound around the core ring 

30 200 having N-tums, where N is an number greater than 1 . Current (I) flows 
through a first end 206i of the wire 204. around the core 202 at each of the N 
turns, and out a second end 2O62 of the wire 204. The exemplary toroidal core 
Inductor 200 of FIG. 2 is one of many types of Inductive devices that the may 
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have its inductance measured by tlie inductance measurement device 100 of 
the present invention. Accordingly, the toroidal core inductor 200 should not be 
considered as being limiting. 

The inductance (L) of the coil 200 may be derived as a function of 
variations of the flux <P, as well as the current through the wire 204. The 
inductance of a coil is also a measure of the instantaneous change in flux 
linking a coll due to an instantaneous change in current through the coll. That 

Is, L = (Henries, (H)), where N= number of turns, 0= flux in Webers, and i 

di 

= current through the coil. Thus, the larger the inductance of a coil (with N 
being fixed), the larger will be the instantaneous change in flux linking the col! 
due to an instantaneous change In current through the coil. 

The instantaneous electromagnetic force (emf) induced in the coil is 

= -n^ (volts (V)). Thus, the greater the rate of change of cun^ent through 
dt 

the coil, the greater will be the induced voltage. Furthemriore, 

s\nce(/> = —\-edt , the Inductance L may be derived by the expression 

N 

lJj:^ Henry. 

FIG. 3 depicts a graphical representation of an exemplary variation of 
magnetic flux with magnetic cun-ent curve 300. The curve 300 may be 
representative of the inductor device 200 of FIG. 2, and be viewed on the 
display device 135 of the digital storage measuring device 100 of FIG. 1 . The 
curve 300 comprises an ordinate 302 representing magnetic flux <D, and an 
abscissa 304 representing magnetizing current (1). When an alternating current 
(AG) signal flows through an inductor, such as the toroidal inductor of FIG. 2, 
the curve 310 is fomned. The shape of curve 310 represents an AC signal that 
varies from the peak (maximum) amplitude in one polarity and to the same 
maximum amplitude in the reverse polarity. Consequently, there may be an 
infinite number of instantaneous inductance values, depending upon the 
particular variation of current. 

The curve 310 starts at the origin "O" when the source (excitation) AC 
signal has an amplitude of zero, and increases to point "C" representing a 
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positive peak current and thus, a point of maximum magnetic flux and 
magnetizing cun^ent. As the source AC signal reverses, the amplitude of the 
flux and magnetizing current also decrease. When the AC signal reaches the 
maximum negative current level (i.e., negative peak) the curve 310 decreases 
to point "H", representing negative peak cun-ent, and thus, a point of maximum 
magnetic flux and magnetizing current having an opposite polarity. 

It is noted, that the Inductance of the coil may be computed from the 
curve 300 of FIG. 3. Referring to FIG. 3. the value of the inductance of the coil 
is considered as the ratio of change of magnetic flux linkages to the change of 
the current when the cun-ent is reversed (i.e., one complete cycle). 
Accordingly, L = (DJ/AG)N, where D and J represents the maximum magnetic 
flux values at the respective positive and negative peaks of the AC signal, A 
and G represent the maximum magnetizing cun-ent values at the respective 
positive and negative peaks of the AC signal, and N is the number of turns. 
One skilled in the art will appreciate that this inductance value is the same as 
one obtained by varying the flux linearly along the line COH of FIG. 2. Line 
COH of FIG. 2 represents the slope of the data plotted in FIG. 2, which is 

equivalent to the above derived equations =^t^Y^ . Accordingly, and as will be 

discussed in further detail below with respect to FIGS. 4-6, the inductance of an 
Inductor may be found by measuring the data points of both the voltage across 
and current flowing in the inductor during circuit operation. 

FIG. 4 depicts a flow-diagram of a method 400 of determining in-circuit 
inductance measurements and observing the behavior of an inductor in a real- 
time operating environment. The method 400 starts at step 401 . where the 
exemplary digital storage measurement device (e.g., DSO) 100 of the present 
invention is coupled across an inductor, such as the toroidal inductor of FIG. 2, 
via probes 132i and 1322. The method 400 then proceeds to step 405. 

At step 405, the exemplary digital storage measurement device 100 of 
the present invention acquires data samples representing the voltage across 
and current through a selected inductor in a circuit being measured by the 
measurement device 100. The DSO 100 then converts the acquired sample 
streams to respective waveform data. 
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In particular, the DSO 100 converts the analog switching signals from 
the Inductor 200 Into a digital representation by sampling, optionally 
decimating, and storing a plurality of voltage and cun-ent waveform data cycles, 
as illustratively shown and discussed below with respect to FIG. 5. The 
5 acquired sample streams are rasterized to facilitate viewing of the respective 
waveform data, and a record of cycles associated with the current and voltage 
waveform data is stored in a buffer of the DSO. 

In particular, the voltage and current wavefonm data cycles are stored by 
the DSO to form an historical record of the cun-ent and voltage cycles 
10 propagating over the inductor 200 over a selected interval of time. The number 
of cycles stored (i.e., the historical record) may be set by an operator in a range 
of a single cycle to hundreds of cycles. The record may be continuous or 
temporally proximate to a trigger event. The method 400 then proceeds to step 
410. 

15 At step 410, the inductance measurement tool 1 70 determines 

proportional magnetic flux (B) and magnetic current (H) from the waveform 
data. Details of step 410 are illustratively discussed below with respect to FIG. 
6. At step 415, magnetic flux and current (B-H) data is plotted (as shown in 
FIG. 3), such that the slope of the B-H data may be calculated to determine the 

20 inductance of the inductor in a real time circuit environment. The method 400 
then proceeds to step 499, where the method 400 ends. 

FIG. 5 depicts a graphical representation of a plurality of waveform data 
acquired by the measurement tool of FIG. 1 . Specifically, FIG. 5 depicts a 
graphical representation of current waveform data 510, voltage waveform data 

25 520, and an integral of voltage waveform data 530. It is noted that the current 
and voltage waveform data 510 and 520 are acquired in step 405 of method 
400 of FIG. 4. The integral voltage waveform data 530 is computed by the 
wavefomi analysis module 1 74, as discussed below in further detail with 
respect to FIG. 6. 

30 The graphical representations of the voltage and current waveforms are 

illustratively buffered and displayed on the display device 135 of the 
oscilloscope 130 by coupling the voltage and cunrent probes 105 and 110 
across the first and second ends 206i and 2O62 of the inductive wire 204. As 
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discussed above with respect to FIG. 1, tlie processing circuitry 130 samples 
the analog signal from the inductor 200 and forms the digital representation of 
the signal as a frame having a plurality of cycles, which form a record of the 
waveforms. Typically, the oscilloscope 130 is set to store a large record (i.e., 
5 hundreds) of cycles. 

Referring to FIG. 5. the ordinate 502 represents the amplitude of the 
current and voltage waveform data (i.e., amps and volts), while the abscissa 
504 represents time (e.g., microseconds or nanoseconds). Three waveforms 
are illustratively shown in FIG. 5, with the first wavefomn data positioned above 

10 the second wavefomi data, and the second wavefomn data 520 positioned 
above the third waveform data 530. 

The first exemplary waveform data represents the current wavefomi 
data 510, and is depicted as a triangle waveform. The second exemplary 
wavefomri data represents the voltage waveform data 520, which is depicted as 

15 a square waveform. The third exemplary waveform data represents the 

integral voltage waveform data 530 of the voltage waveform data 520, and is 
also shaped as a triangle waveform. Each of the three waveform data 51 0, 
520, and 530 illustratively show four in-phase cycles of the plurality of cycles in 
the record. It is noted that the four cycles for each waveform data are 

20 illustratively shown for simplicity and better understanding of the invention. 
Accordingly, the number of cycles shown should not be considered as being 
limiting. 

It is further noted that the wave shape of the current waveform data 510 
and voltage data waveform 520 depend on circuit operation, operating voltage. 

25 Here the voltage is square in shape due to the Switching power supply 

behavior. The current wave shape cannot follow the voltage wave shape due to 
the behavior of the inductance. The rate of rise of current through the inductor 
depends upon L/R where R is the resistance of the inductor. It is noted that 
additional aspects of FIG. 5 are discussed with respect to FIG. 6. 

30 FIG. 6 depicts a flow-diagram of a method 410 for detemnining 

proportional flux (B) and proportional magnetic cun-ent (H) data from the 
waveform data of FIG. 5. In particular, method 410 starts at step 601 and 
proceeds to step 605, where the rising and falling edges (E) of the current and 



7330US1 



11 



P.E. Ramesh 



voltage waveform data are Identified. The waveform analysis module 274 may 
be used to identify edges of both the voltage waveform and current waveform 
data 510 and 520 by detemiining at least one of the rising and falling slopes of 
each waveform. In one embodiment of the invention, both the rising and falling 
5 edges of the current wavefomri are determined using the current waveform data 
directly. In an alternate embodiment, only one of the edges is identified 
directly, while the other edge is estimated. In still another embodiment of the 
invention, the wavefonm data associated with the voltage waveform is 
evaluated to detemiine edge regions or zones. 

10 Referring to FIG. 5, the cun-ent wavefomn data 510 is illustratively 

measured at the ten (10) percent level 512 of the current wavefomn data 510. 
That is, the exemplary edges E1-E8 are identified at the 10 percent level 512 of 
the current waveform, where the odd numbered edges El , E3, E5 and so forth 
represent rising edges, while the even numbered edges E2, E4, E6 and so 

15 forth represent falling (declining) edges of the current data waveform. 

In particular, edge El 51 2i has a rising slope indicating that the current 
through the inductor core has a positive polarity, while edge E2 has a declining 
slope indicating that the current through the inductor has a negative polarity. 
Furthermore, edge E3 also has a rising slope, thereby indicating that the 

20 current through the Inductor core again has a positive polarity, and so forth. 

Accordingly, the wavefomn analysis module 174 tracks changes in the 
slope of the current waveform data 510 to determine the beginning and end of 
each transition (i.e., edge). As discussed above, a plurality of consecutive 
cycles representing the cunrent and voltage wavefomn data 510 and 520 are 

25 stored in a buffer (not shown) having a predetermined record length to provide 
historical information for viewing. Accordingly, data useful In defining the 
temporal location at the edges are identified for each of the cycles stored in the 
buffer therein. The method then proceeds to step 61 0. 

At step 610, the peaks fomned between adjacent edges of the current 

30 wavefomn data 51 0 are identified. In the triangular shaped current wavefomn 
data 510, the peaks are identified where the slope of each edge changes. 
Refening to FIG. 5, a first high peak 51 6i is identified, followed by a first low 
peak 514i. A second high peak 5I62 is fomned after the first low peak 514i, 
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and a second low peak 5142 follows the second high peak 5162- A third high 
peak 51 63 is fomied after the second low peak 5142, and a third low peak 5143 
follows the third high peak 51 63. and so forth. The method 410 then proceeds 
to step 61 5. 

5 At step 61 5, the WAM 1 74 finds the data points of the start and end of 

each cycle of the current waveform 510 through the inductor core, by 
identifying the peaks between two successive low edge Indicators on the 
current waveform 510. Referring to FIG. 5, the first low peak 51 4i is identified 
between the edges E2 and E3, the second low peak 5142 is identified between 

10 the edges E4 and E5, the third low peak 5143 is identified between the edges 
E6 and E7, and so forth. The method 410 then proceeds to step 620 

At step 620. the B/H (Proportional B and H) and Slope Calculation tool 
176 calculates the start and end data point of each complete cycle In the entire 
record. As shown in FIG. 5, a plurality of cycles 518i, 5I82, 5I83, and so forth 

15 (collectively current cycles 518) are illustratively depicted. That Is, more than 
one cycle 516 has illustratively been acquired in the acquisition record. It is 
noted that the start of the first cycle depends upon the trigger level and trigger 
position during the acquisition on the DSO 100. Each identified minimum peak 
value 514 indicates a starting point for the next consecutive cycle and the end 

20 point of the previous cycle, where the data points between two successive low 
peaks 514 define one complete cycle 516. For example, low peaks 51 4i and 
5142 define cycle 2 51 82 In the acquisition record. The method 410 then 
proceeds to step 625. 

At step 625, the data points of each cycle 518 are averaged to obtain an 

25 average single cycle of the acquisition record. Step 625 is perfomned for each 
of the waveform data 510, 520, and 530 In the record. Thus, a single cycle for 
each of the current, voltage, and integral voltage wavefomn data is determined, 
where each single average cycle represents the average data points of each 
waveform data in the acquisition record. 

30 FIG. 7 depicts a graphical representation of an averaged current 

waveform data cycle 702 and an average integral of voltage waveform data 
704. Referring to FIG. 3, the averaged current waveform data cycle 702 
represents the proportional cunrent H, while the Integral of voltage wavefonn 
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data cycle 704 represents the proportional flux B. The average data points of 
the average current cycle 702 Increase with respect to the positive width of the 
integral voltage waveform 704. Similarly, average data points of the average 
current cycle 702 decrease with respect to the negative width of the voltage 
5 waveform 704. Inductance is calculated for both portions of the average 
current cycle 702, as discussed below. The method 410 then ends and 
proceeds to step 41 5 of method 400. 

At step 41 5, the B/H (Proportional B and H) and Slope Calculation tool 
176 module calculates the slope of the proportional B-H data. Recall that the 

10 magnetic flux B is proportional to integral of the voltage y (Ivdt) and the 
magnetizing current H is proportional to the current I. Referring to FIG. 2, 
further recall that the inductance L may be detennined by the slope of the 
magnetic flux and current curve (e.g., points COH). 

Let Y=jVdt, and X=l (current), then, Y=LX+K, where K is a constant. 

15 Since X and Y are known for different times, in one embodiment, a "Least- 
Squares" (regression) algorithm is used to obtain the value of L. For example, 

to find X = 2^ and Y = 2^1 , \x\i = x_X /=1 . . .N, and | Vl, = Yi-Y, /=1 . . .N. 
Thus, the inductance Z = — ^— ^- , where L may vary as X varies. 

20 Accordingly, the Inductance measurement program tool of the present 

invention may be utilized by circuit designers to perfonn in-circuit inductance 
measurement and observe the behavior of the inductor in a real time 
environment. More specifically, the inductance measurement tool 1 70 
illustratively transforms a digital oscilloscope 130 into a sophisticated analysis 

25 tool that quickly measures and analyzes inductance of an inductor, illustratively 
in a power supply circuit, and then generates detailed test reports in 
customizable fonnats. 

Measuring an inductance value is based on the analysis using a B-H 
curve. Specifically the inductance measurement tool 170 acquires the current 

30 and voltage across the inductor, and transfomns the acquired current and 

voltage into an averaged cun'ent signal and an integral of voltage representing 
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proportional magnetic current and proportional magnetic flux through the 
inductor. This solution is scope resident, automated, and helps to reduce 
existing complex measurement procedure. This approach helps a circuit 
designer or user to analyze the associated hysteresis curve and core loss 

5 measurements. Such information may be utilized by the circuit designer to 
analyze and debug problems, such as inefficiencies, overheating, among other 
problems in a circuit. 

Although various embodiments that incorporate the teachings of the 
present invention have been shown and described in detail herein, those skilled 

10 in the art can readily devise many other varied embodiments that still 
incorporate these teachings. 
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